Abstract. The aim of the study was to determine the impact raised water level in the winter anoxia Lake Ooewin (northeastern Poland) had on the population of narrow-clawed crayfish, Astacus leptodactylus (Esch.). Raising the water level in the lake increased the surface are from 360 ha to 900 ha and improved habitat conditions. The species diversity of vegetation increased, as did the area of lake bottom covered by it (from 22 to 51%). The threat of winter anoxia was also reduced. The improved habitat conditions led to increased crayfish population density expressed through the mean catch efficiency, which increased by 252%. The share of individuals measuring more than 10 cm increased from 76% in 1991 to 95% sixteen years after raising the water level. During this period (1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)) the mean total length of crayfish increased significantly statistically (P < 0.05) from 10.5 to 12.7 cm. This means that during this period, the life expectancy of the dominant crayfish age group increased by about two to three years.
In Poland, the narrow-clawed crayfish, Astacus leptodactylus (Esch.), is designated as an endangered species and is under legal protection. It occurs only at a few sites in northeast Poland (Bia³okoz et al. 1996 , Stru¿yñski et al. 2001 . There is no information regarding the initial inhabitation of Lake Ooewin (northeast Poland) by the narrow-clawed crayfish. This is why it is difficult today to trace the route and to establish when this crayfish reached Lake Ooewin. According to Kossakowski (1966) , this native species of the Black and Caspian seas catchment area migrated through the canal built to link the Volga and DŸwina rivers in the eighteenth century to the Baltic and White seas. By the nineteenth century, it was abundant in the northwest regions of Russia and was spreading toward the west. After the crayfish plague epizootic (Aphanomyces astaci) in Europe in the late nineteenth and early twentieth centuries, narrow--clawed crayfish from Russian were introduced into the waters of Central Europe, where the noble crayfish, Astacus astacus (L.), had been all but decimated. It was widely believed at the time that this species was immune to the plague, but this theory would be proved wrong. This is how the western reach of narrow-claw crayfish distribution moved markedly (and artificially) to the north and west of Europe (Machino and Holdich 2006, Southy-Grosset et al. 2006 ). Lake Ooewin is the most important basin in the Seven Islands Nature Reserve, which, thanks to its unique natural qualities, is designated as a protected area under the Ramsar Convention regarding wetlands of international significance. In 1954, the surface area of Lake Ooewin was 360.3 ha and maximum depth was 3.5 m, at a mean depth of 1.1 m (Kondracki and Szostak 1960) . According to Patalas (1960) , there was no thermal stratification in Lake Ooewin in the mid 1950s, and the Secchi depth then ranged from 0.3 to 0.9 m. Later studies by Bryliñski et al. (1986) indicated that the lake exhibited signs of advanced age. The lake vegetation included the following: six species of submerged plants, seven with floating leaves, eight reed species, and ten wetland species. In total these covered 22% of the bottom surface area. Winter anoxia, that decimated the fish population, were often observed in the lake. The prevailing conditions were extremely harsh for crayfish, one requirement of which is a high oxygen concentration (Holdich 2002) . Despite this, the narrow-clawed crayfish survived the winter anoxia, during which even fish with low oxygen requirements died. It is probable that the population inhabiting this lake was able to find a niche with conditions that allowed it to survive the most difficult periods.
In an attempt to improve the environmental conditions in the lake, an overflow was constructed at the water outflow in 1993. This raised the water level by about 80 cm, and increased the lake surface area to 899.9 ha. The threat of winter anoxia was reduced, and habitation conditions for crayfish improved considerably. Currently, about 50 species of emerged, wetland vegetation species occur, while there are 17 species of submerged hydrophytes with floating or pleustonic leaves. In comparison to the 1980s, the area occupied and stabilized by the two basic submerged vegetation species (e.g., Ceratophyllum demersum and Striatiotes aloides) has increased. At the moment, this assemblage forms a strip of submerged vegetation along 90% of the contact zone between emerged vegetation assemblages and open lake waters, which, together with floating leaf vegetation, occupy 29% of the lake surface area. Currently, 51% of the lake bottom is occupied by vegetation, which is twofold more than before the water level was increased (Gromadzki and Wioeniewski 2005) . Such a shift in environmental conditions could impact the narrow-clawed crayfish population inhabiting this lake. The aim of the current work was to determine the impact of increased water level on the narrow-clawed crayfish population in the winter anoxia Lake Ooewin.
Long-term research of this basin was the source of the data used to compare the crayfish population before and after the water level increase. Data from three years were used: 1991 (two years before the water level increase), 1996, and 2007 (both following the water level increase). Crayfish catches in these years were conducted using traps deployed in the same locations and at the same time of year (September). Catches made with traps provide a good picture of the so-called catchable population comprised mainly of larger individuals, and which, through food competition, distances smaller individuals from the bait in the traps. The parameters determined included mean total length (TL) and population density (the mean catch efficiency expressed as the number of crayfish caught per trap per hour). Statistica 7.1 was used to analyze the data collected. The means from the length (TL) measurements of females and males were compared with analysis of variance and Tukey's test at a level of significance of P < 0.05. Only data from 1991 and 2007 were analyzed since the sample sizes were similar.
The raised water level and the resulting changes in environmental conditions did not have a significant impact on the sex ratio in the population, which was similar in 1996 and 2007 (Table 1) . However, the length (TL) measurement data collected from the catchable population indicated that there was an increase in mean length from 10.5 cm in 1991 to 12.7 cm in 2007 (P < 0.05; Table 1 ).
The data also showed that there was a tendency toward a greater share of larger individuals in the population. This was distinctly notable in the size distribution of the catchable population in 1991 and 2007 (Fig. 1) . The share of individuals exceeding 10 cm in TL increased from 76% in 1991 to 95% in 2007. In Lake £oby, where conditions are advantageous for the narrow-clawed crayfish population, the corresponding result was 91% (Kossakowski 1964) . In Lake Ooewin in 1991, the catches were dominated by the group of crayfish measuring 10-12 cm, which comprised 56% of the catchable population. However, in 2007 they were dominated by the group of crayfish measuring from 13-14 cm, which comprised 31% of the catchable population as opposed to just 6% in 1991. Thus, there was an increase in older individuals (by 2-3 years) in comparison to the previous sampling. This means that over the sixteen-year study period (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) , the life span of the dominant crayfish age group in this lake increased. Undoubtedly, this was thanks to the improved habitat conditions in Lake Ooewin following the rise in water level. Thanks to this, the narrow-clawed crayfish from Lake Ooewin attained body sizes comparable to those in lakes with advantageous environmental conditions (Kossakowski 1964 (Kossakowski , 1966 .
According to mean catch efficiency figures, after the water level was increased the population density also increased (Table 1) 0-11.9 12.0-12.9 13.0-13.9 14.0-14.9 15.0-15.9 Total length (cm)
1991 (n=50) 2007 (n=55) Frequency (%) Figure 1 . Distribution of total length (TL) of the catchable population of narrow-clawed crayfish from Lake Ooewin before (1991) and after (2007) the water level was raised. . This is why Lake Ooewin is in the lowest category on this scale (i.e., low catch efficiency under 0.25 indiv. trap -1 h -1 ). The low catch efficiency was doubtlessly influenced by the substantially silty bottom sediments of Lake Ooewin (Gromadzki and Wioeniewski 2005) , which makes it difficult for the crayfish to penetrate many sections of the lake. This is especially so in areas where there is a lack of aquatic vegetation, which makes movement easier for the crayfish. Hydrophytes also provide shelter and nutrition for the crayfish, which is why the increased bottom area covered by aquatic vegetation following the raised water level in Lake Ooewin has had a positive impact on the crayfish population inhabiting the lake.
